ABSTRACT: This study continues a series of investigations evaluating fescue endotoxin exposure in beef heifer production. The objectives were to evaluate fatty acid compositions in plasma and follicular fluid, and to assess oocyte quality from cattle fed fescue diets. The ability of domperidone, a dopamine antagonist, to mitigate these variables was also assessed. Thirty heifers were divided into 3 treatment groups (n = 10/ group) and administered treatment regimens for 24 d, at which time blood samples were collected. The treatment regimens were a diet with endophyte-free fescue (EF), a diet with endophyte-infected fescue (EI), or EI supplemented with daily subcutaneous injections of domperidone (0.44 mg/kg of BW; EID). Three heifers/ group were administered treatments for an additional 10 d, at which time their luteal phase ovarian follicular fluid and oocytes were collected. Plasma and follicular fluid samples were analyzed to determine fatty acid concentrations. Oocytes were matured in vitro to assess quality. In addition, abattoir oocytes were cultured in plasma from treated heifers. In plasma, arachidonic acid was less (P < 0.001) in EF-fed compared with EIfed heifers. Decreased (P < 0.05) total n-6 fatty acid concentration was observed in EF-fed compared with EI-fed heifers. Similarly, the EF-containing diets decreased (P < 0.05) concentrations of eicosapentaenoic acid and C22:5n-3 (P < 0.05) compared with EI-containing diets. Domperidone supplementation increased (P < 0.05) C18:2 cis-9, trans-11, C17:1n-7, and several C18:1 isomers compared with the diet with EI and no supplementation. No differences between fescue endophyte groups were detected in any of the fatty acid concentrations analyzed in follicular fluid from small follicles. In follicular fluid from large follicles, C18:4n-3 and C22:6n-3 concentrations were greater (P < 0.05) in EI-fed compared with EF-fed heifers. Oocytes cultured in serum (control) or plasma from EF-, EI-, or EIDfed cattle did not differ in their ability to progress to metaphase II. These observations indicate that fescue endotoxins can alter fatty acid composition and may contribute to altered physiology in heifers.
INTRODUCTION
Deleterious reproductive effects of fescue endophyte ingestion in nonpregnant animals have been reported in many species including cattle, ewes, and horses, in which delayed conception (Bond et al., 1988; Brendemuehl et al., 1994) and reduced pregnancy rate (Gay et al., 1988) are the outcomes. Schuenemann et al. (2005) used ergotamine tartrate (ergoT) to simulate the effect of exposure to endotoxin on embryo development and uterine competency. The number of embryos recovered after AI tended to decrease when cattle were exposed to ergoT. The embryos were developmentally retarded as well; however, control embryos transferred to recipient cows receiving ergoT did not have different pregnancy rates than nonsupplemented recipients. This indicated that embryo competency rather than uterine competency was compromised by ergoT.
In dairy cows experiencing negative energy balance, NEFA have been implicated as a factor in reduced fertility (Leroy et al., 2008) by affecting oocyte maturation and granulosa cell steroidogenesis . Fatty acid metabolism may be affected by ingestion of endophytic wild-type fescue, as observed as differences in SFA and MUFA from subcutaneous fat depots (Realini et al., 2005) . Eicosanoid fatty acids regulate dietary metabolism, thermoregulation, vasoconstriction, and luteolysis. These systems are disrupted when cattle consume endophytic wild-type fescue (Oliver et al., 1993; Jones et al., 2003) , indicating they may be affected by fescue toxins.
Empirical observations led us to investigate the repercussions of fescue consumption on bovine oocyte maturation and the possible link to fatty acids (Figure 1) . We repeatedly observed that locally procured oocytes had diminished quality, especially in the fatty acid-laden oolemma, during the spring and summer months, which coincide with the fescue growing and grazing season in the southern Illinois region.
The present study was part of a larger investigation of fescue toxicosis and the effects of domperidone, a dopamine antagonist, as an ameliorator of fescue toxicosis (Jones et al., 2003 (Jones et al., , 2004 . Reduced BW gains, shortened estrous cycles, and reduced circulating progesterone concentrations were reported previously for the cattle consuming endophytic fescue used in this study (Jones et al., 2003) . Alterations of estrous cycle duration, progesterone concentrations, BW gains, and gene expression profiles were partially corrected with domperidone supplementation (Jones et al., 2003 (Jones et al., , 2004 .
The aim of the current study was to determine if fescue endotoxin consumption alters fatty acid composition in plasma and follicular fluid and thereby influences reproductive performance. The experimental approach was to 1) measure fatty acid compositions in plasma and follicular fluid and 2) assess in vitro oocyte quality from fescue-fed cattle as well as abattoir oocytes cultured in media supplemented with plasma from fescue-fed cattle.
MATERIALS AND METHODS
Animal protocols were approved by the Southern Illinois University Carbondale Institutional Animal Care and Use Committee.
The treatment diets and protocols for the cattle used in this study have been described elsewhere (Jones et al., 2003) . Briefly, 30 Angus × Holstein or Hereford × Holstein heifers approximately 18 to 24 mo of age were sorted based on BW for 3 treatment groups (mean BW = 390 ± 3.5 kg; n = 10 heifers per treatment). All heifers were fed a canary grass hay and a grain diet that did not contain tall fescue for 35 d before the beginning of the experimental period. During the experimental period, pelleted rations were limit-fed to ensure full consumption. The treatment regimens were a diet with endophyte-free fescue (EF), diet with endophyte-infected fescue (EI), or diet with EI supplemented with daily subcutaneous injections of domperidone (D. Cross, Equitox, Clemson, SC; 0.44 mg/kg of BW; EID). Heifers received 0.21, 12.14, and 10.8 mg of ergovaline/kg of BW daily from the EF, EI, and EID diets, respectively. Two intramuscular injections of 25 mg of PGF 2α (Lutalyse, Pharmacia and Upjohn, Kalamazoo, MI) were given 12 d apart such that the heifers would ovulate on or about d 1 of the treatment regimen.
Plasma samples analyzed in this study were collected in June after treatment for 24 d (Jones et al., 2003) . Blood (10 mL) was collected by jugular venipuncture into heparinized (0.10 mL) syringes, immediately stored on ice, and processed within 3 h. After blood was centrifuged (1,850 × g for 15 min at 4°C), the plasma was aliquoted and stored frozen (−20°C). Subsets of heifers (n = 3/treatment) were kept on the treatment regimen for an additional 10 d, at which time they were humanely slaughtered. These heifers had been monitored via transrectal ultrasonography of the ovaries and had known ovulation dates. All heifers were in the luteal phase of the estrous cycle and had ovulated 9 to 14 d before slaughter. Harvested ovaries were placed in an insulted thermos and transported for 2 h to the laboratory.
For each heifer, follicular fluids from the largest follicle (>6 mm) were aspirated independently from the pooled subordinate follicles. Follicular fluid was collected in 50-mL conical tubes and the cellular sediment was allowed to precipitate via gravity for a minimum of 30 min. The sediment was removed with a Pasteur pipette and reserved for oocyte harvesting. Plasma and follicular fluid were frozen at −20°C until analyzed for fatty acid concentrations. At the time of thaw for the fatty acid assay, equal volumes of remaining plasma from each heifer were pooled by treatment group, aliquoted, and frozen at −20°C until used for oocyte culture supplements.
Fatty Acid Analyses
Plasma (2 mL) or 0.25-to 1-mL volumes of follicular fluid were lyophilized (FreeZone 6 Liter Freeze Dry System, Labconco Corp., Kansas City, MO) in 16 × 125 mm glass culture tubes, sealed with Teflon-lined caps (Fisher Scientific, Pittsburgh, PA) , and stored at −15°C. Before methylation, 1.0 mL of hexane containing 0.64 mg of methyl 10-nonadecenoate (NuChek-Prep Inc., Elysian, MN) was added as an internal standard. Fatty acid methyl esters (FAME) were formed by direct methylation using 1.5 N methanolic HCl for 18 h at 25°C as described by Dionisi et al. (1999) using method 2 scaled 2×. After esterification, the hexane layer containing the FAME was dried over anhydrous Na 2 SO 4 and stored at −15°C.
The analysis of FAME was performed on a GC-2010 gas chromatograph equipped with an AOC-20i automatic injector, an AOC-20s automatic sampler, a split injection port, a flame ionization detector (Shimadzu Scientific Instruments, Columbia, MD), and a 100-m SP-2560 fused silica capillary column (0.25-mm i.d. × 0.2-µm film thickness; Supelco, Bellefonte, PA). An injection volume of 1.0 µL was split 1:25, and the helium carrier gas was maintained at a linear velocity of 23 cm/s throughout the analysis. The column temperature was held at 165°C for 80 min after injection, increased at 1.5°C at 180°C, and then increased at 5°C/min to 245°C, where it was maintained for 9 min. The injector and detector were set at 255°C.
Chromatograms were examined for the presence of 57 FAME by comparing peak retention times with those of a standard prepared from FAME purchased from Restek (Bellefonte, PA), Supelco, and NuChek Prep Inc. The reference standard contained FAME of 10:0 through 24:1n-9, including isomers of 18:1, CLA, and 9,12-18:2. Additionally, we also identified 10 trans-18:1 as the peak eluting between 9 trans-and 11 trans-18:1 (Thompson, 1997) . Fatty acids were quantified (mg) by multiplying the peak area by the weight of internal standard added and dividing by the internal standard peak area. Peak areas of the fatty acid and internal standard were corrected by using theoretical relative response factors (Ackman and Sipos, 1964; Craske and Bannon, 1988) ; calculations included adjustments for varying beginning volumes.
Oocyte Assessment
In Vitro Maturation of Oocytes Supplemented with Plasma from Treated Heifers. Ovaries (on 4 independent days) were collected at a local abattoir in January and February to avoid the fescue growing season and to reduce the likelihood of cattle experiencing elevated ambient temperatures. Cattle dietary histories were unknown and estrous cycle phases were varied. Ovaries were transported to the laboratory and oocytes were collected via aspiration of 2-to 10-mm follicles. Cumulus-oocyte complexes were isolated, assessed, and graded using light microscopy. Grade 1 oocytes were defined as oocytes with at least 3 layers of compact cumulus cells completely surrounding a nonpycnotic oocyte. Grade 2 oocytes were defined as oocytes with nonpycnotic cytoplasm but expanded cumulus cells. Denuded and pycnotic oocytes were classified as nonviable. Grade 1 oocytes were selected and rinsed 3× in Tyrode's Lactate (TL) HEPES medium (Bavister et al., 1983) , then cultured in groups of 25 or less in 0.25 mL of maturation medium consisting of M199 (Life Technologies, Grand Island, NY) supplemented with 5 ug/mL of FSH (Sioux Biochemical, Sioux Center, IA), 5 ug/mL of LH (Sioux Biochemical), plus either 10% fetal calf serum (n = 76; laboratory control; Life Technologies), 10% plasma from EF-fed heifers (n = 76), 10% plasma from EI-fed heifers (n = 72), or 10% plasma from EID-fed heifers (n = 77) for 22 to24 h in a humidified 38.5°C, 5% CO 2 in air environment. Oocytes were placed in 15-mL conical tubes containing TL HEPES, vortexed for 2.5 min, and subsequently stained with 5 µg/mL of Hoescht 33342 (Sigma, St. Louis, MO) and visualized (200 to 400×) under UV light. The oocytes were held in place with a glass-holding pipette and rotated with a microprobe to evaluate all dimensions and were assessed for progression to metaphase II.
In addition, digital pictures were captured with a Zeiss Axiocam digital camera with Axiovision software (Zeiss, Thornwood, NY) equipped with a calibrated electronic ruler so that measurements could be taken. The longest length between the inside of the zona pellucida (ZP) and the oolema was used to assess the perivitelline space. In addition, the thickness of the ZP was assessed by measuring the inside of the ZP to the outside of the ZP.
In Vitro Maturation of Oocytes from Treated Heifers. Follicular fluid sediments were harvested from treated heifers (n = 9, 3 heifers/treatment). Sediments from like treatments were pooled in Petri dishes and diluted with TL HEPES medium (Bavister et al., 1983) . The sediment was visualized using light microscopy and oocytes were harvested. Oocytes were graded as described previously. All grades of oocytes were cultured in control maturation medium and evaluated for progression to metaphase II (MII) as described in Exp. 1.
Statistical Analyses
Plasma fatty acids, large or small follicle fatty acids, and percentage of oocyte maturation were analyzed by ANOVA followed by LSD post hoc testing where each individual fatty acid, fatty acid group, or percentage of maturation was the dependent variable and treatment was the independent variable. All statistical analyses were performed using SPSS (Chicago, IL) software. Significance was set at P < 0.05. Data from oocytes harvested from treated heifers were not statistically analyzed because oocytes from heifers within a treatment were pooled leaving no replicates.
RESULTS

Plasma
Consumption of EF resulted in greater (P < 0.05) plasma SFA C21:0 and C24:0, but less C19:0, compared with ingestion of EI (Table 1) . Adding domperidone to the EI diet had no effect on these fatty acid concentrations compared with EI alone. The fatty acids C20:3n-6, C20:4n-6, C22:4n-6, C22:5n-3, and C22:6n-3 were less (P < 0.05) in the EF-fed group than the EIfed group. The EF-fed group also had less (P < 0.05) concentrations of total eicosanoids, n-6 fatty acids, and a reduced n-6:n-3 ratio compared with the EI-fed group; EID feeding did not change the concentrations of these fatty acid categories compared with EI feeding.
Domperidone supplementation increased (P < 0.05) the concentrations of C17:1n-7 and C18:2 cis-9, trans-11 compared with EI alone and increased (P < 0.05) concentrations of C18:1 trans-6 and C18:1 trans-11 compared with both EF and EI. The EF-fed group had less concentrations of C18:1 trans-9, C18:1 trans-10, and C24:1n-9 than the EID group.
The total for all of the fatty acids tested was similar (P > 0.05) between treatment groups (EF = 1,228 ± 39 mg/mL, EID = 1,285 ± 54 mg/mL, EI = 1,333 ± 62 mg/mL). No differences (P > 0.05) were detected for the cumulative categories of SFA, MUFA and PUFA, PUFA:SFA ratio, or n-3 fatty acids.
Follicular Fluid from Large and Small Follicles
Feeding EF reduced (P < 0.05) the SFA C15:0, C19:0, and C20:0 in the fluid of follicles greater than 6 mm compared with EI feeding. Adding domperidone to the EI diet resulted in follicular fluid concentrations of these fatty acids that were no different (P > 0.05) from those in EF-fed heifers (Table 2) . Similarly, concentrations of the unsaturated fatty acids C18:1 trans-12, C18:3n-6, C18:4n-3, C20:5n-3, and C22:6n-3 in follicular fluid of EF-fed heifers were less (P < 0.05) than those in EI-fed heifers, but did not differ (P > 0.05) from those in the EID group.
The total for all of the fatty acids tested was similar (P > 0.05; EF = 476 ± 21 mg/mL, EID = 399 ± 20 mg/mL, EI = 542 ± 74 mg/mL) between treatment groups. No differences (P > 0.05) were detected among treatments for the cumulative categories of eicosanoids, SFA, MUFA, PUFA, PUFA:SFA ratio, n-6, n-3, or n-3:n-6 ratio.
No differences (P > 0.05) were observed in any of the individual fatty acids evaluated, total fatty acids, or fatty acid categories (Table 3) between treatment groups in follicles less than 6 mm in diameter.
Oocyte Maturation
In Vitro Maturation of Oocytes Supplemented with Plasma from Treated Heifers. No differences (P > 0.05) were detected in oocyte maturation to MII (control = 59 ± 9%, EF = 44 ± 18%, EID = 45 ± 16%, EI = 45 ± 16%) or in oolemma-ZP distance (Table 4 ; P > 0.05; control = 2.6 ± 0.4 µm, EF = 3.4 ± 0.5 µm, EID = 3.1 ± 0.6 µm, EI = 3.9 ± 0.5 µm) between the treatment groups. The width of the ZP was decreased (P < 0.05) in oocytes from EI-fed heifers (2.2 ± 0.09 µm) as compared with the serum control (Table  4 ; 2.5 ± 0.1 µm). Endophyte-free and EID treatment groups were intermediary to control and EI, 2.3 ± 0.1 µm and 2.4 ± 0.1µm, respectively.
In Vitro Maturation of Oocytes from Treated Heifers. Total number of oocytes harvested from EF-, EI-, and EID-fed heifers was 39, 18, and 40, respectively (Table 5) . A reduced oocyte number from the ovaries of EI-treated heifers could be partially attributed to a small fibrous clot encountered in the pool of follicular fluid, although this likely did not account for 50% of the available oocytes. Most grade 1 oocytes from ovaries of EF-fed heifers (2 of 3, 66%) and EID-fed heifers (8 of 9, 89%) progressed to MII, whereas none of the oocytes collected from ovaries of EI-fed heifers matured (Table 5) .
DISCUSSION
To our knowledge, this is the first study to detail the fatty acid composition of follicular fluids in cattle. This information will be of importance when creating defined culture environments for in vitro-produced embryos. The lack of treatment effects in small follicles indicates that the presence of endotoxin alone or in combination with domperidone had no effect on subordinate follicular fluid composition. However, at larger follicle sizes, the presence of ergot alkaloid toxins in the diets of heifers did correspond with changes in follicular fluid fatty acid profiles.
In our previous study utilizing the same heifers, we observed that cattle limit-fed EI diets had decreased BW gains, increased rectal temperatures, shortened estrous cycles, and reduced circulating progesterone concentrations compared with EF-or EID-fed heifers (Jones et al., 2003) . We speculated that many of these symptoms could be attributed to a dysregulation of fatty acid metabolism including phospholipid mobilization and eicosanoid production. Altering eicosanoid metabolism could lead to changes in dietary metabolism, thermoregulation, vasoconstriction, and luteolysis (McCracken, 1997). The results reported herein lend support to that speculation. 4 Eicosanoids = C20:2n-6, C20:3n-6, C20:3n-3, C20:4n-6, and C20:5n-3. 6 MUFA = C14:1n-5t, C14:1n-5c, C16:1n-5t, C16:1n-5c, C17:1n-7, C18:1t6, C18:1t9, C18:1t10, C18:1t11, C18:1t12, C18:1c9, C18:1c11, C18:1c12, C20:1n-9, C22:1n-9, and C24:1n-9. 7 n-6 = C18:3n-6, C20:2n-6, C20:3n-6, C20:4n-6, and C22:4n-6. 8 n-3 = C18:3n-3, C20:3n-3, C20:5n-3, C22:5n-3, and C22:6n-3.
Continued
We observed differences in fatty acid concentrations between treatments in plasma and large-size follicular fluid samples, but not in small-size follicular fluid samples. Plasma fatty acid comparisons revealed differences in concentrations between EF-and EI-fed heifers in the SFA C19:0, C21:0, and 24:0 and in the unsaturated fatty acids C20:3n-6, C20:4n-6, C22:4n-6, C22:5n-3, and C22:6n-3. In addition, heifers fed EF had a reduced n-6:n-3 ratio than those fed the EID diet, likely due to the EI group having increased overall n-6 fatty acid concentrations (P < 0.05). In mice, the n-6:n-3 dietary ratio has been shown to influence eicosanoid production, especially the leukotrienes and PG (Broughton and Wade, 2002) .
No differences were detected between treatments in plasma cumulative SFA, MUFA, or PUFA:SFA ratio. These observations are in disagreement with Townsend et al. (1991) , who reported greater SFA in adipose of steers fed high EI compared with EF cultivars. These authors concluded that the presence of the endophyte 4 Eicosanoids = C20:2n-6, C20:3n-6, C20:3n-3, C20:4n-6, and C20:5n-3. 6 MUFA = C14:1n-5t, C14:1n-5c, C16:1n-5t, C16:1n-5c, C17:1n-7, C18:1t6, C18:1t9, C18:1t10, C18:1t11, C18:1t12, C18:1c9, C18:1c11, C18:1c12, C20:1n-9, C22:1n-9, and C24:1n-9. Continued is associated with a metabolic shift that converts total fatty acids to SFA. Similarly, Realini et al. (2005) observed greater SFA but less MUFA concentrations in fat from cattle fed wild-type endophytic fescue compared with novel endophyte. Similar to the present study, no differences were observed in PUFA or PUFA:SFA ratio. Differences in observations between these studies may be attributable to the samples taken. Our study evaluated plasma, whereas the previous studies evaluated carcass tissues. In addition, diets and durations of the studies differed. In the present study, limit-fed rations were pelleted with EI or EF fescue seeds harvested as single lots and therefore fed at static endotoxin levels. In both the Townsend et al. (1991) and Realini et al. (2005) studies, the cattle were allowed to graze pastures for over 100 d. Grazing pastures likely lead the cattle to experience varying dietary exposures of endotoxins and nutrient composition due to the developmental stage of the grasses and response to changing environmental conditions. In the present study, in which the same diet was fed to the EI and EID groups, differences in fatty acid concentrations were observed, suggesting a role for a dopaminergic mechanism in the regulation of fatty acid absorption, metabolism, or both. The MUFA C17:1n-7, C18:1 trans-6, and C18:1 trans-11 as well as the CLA C18:2 cis-9, trans-11 increased in plasma from cattle supplemented with domperidone. Increasing CLA improves fatty acid profiles from a human health perspective (Wigham et al., 2000) . Our observation that domperidone alters 1 CLA may aid in developing strategies for increasing the nutritional value of beef. In addition, the PUFA:SFA ratio tended to decrease in the presence of domperidone, suggesting a shift in biohydrogenation activity.
Plasma from cattle fed EI had increased arachidonic acid concentrations compared with those fed EF. Supplementation with domperidone returned arachidonic acid to EF concentrations. Prostaglandins produced from arachidonic acid are involved with vasoconstriction (PGE 2 ) and associated with follicular ovulation (PGF 2α ). Although not measured directly, these PG may be increased due to an abundance of arachidonic acid, leading to a hastening of ovulation and increased local vasoconstriction. Advancing ovulation through this mechanism could explain reduced estrous cycle duration observed in cattle fed EI (Jones et al., 2003) . In addition, ovarian vasoconstriction may explain the observation of reduced circulating progesterone (P 4 ) concentration among EI-fed heifers despite having similar concentrations to those fed EF or EID after short-term luteal incubations (Jones et al., 2003) .
Concurrent with the previously reported investigations, we decided to observe oocyte development from the harvested ovaries of our treated heifers. The fewest oocytes were collected from ovaries of EI-fed cattle and no grade I oocytes from EI-fed cattle developed to MII. Reduction in number of oocytes harvested may have been due to reduced numbers of 6-to 9-mm follicles and large follicles (Burke et al., 2001; Burke and Rorie, 2002) , although this information was not recorded in this study. The oocytes from the EI cattle appeared similar to those from locally procured ovaries collected during the summer months. The locally procured oocytes reach MII at a reduced rate and upon subsequent incubation with the microtubule inhibitor, cytochalasin B, are predisposed to lysing during micromanipulation procedures (K. L. Jones, personal observation). The oocytes from the EF-fed cattle appeared similar to oocytes collected in winter months. 4 Eicosanoids = C20:2n-6, C20:3n-6, C20:3n-3, C20:4n-6, and C20:5n-3. 6 MUFA = C14:1n-5t, C14:1n-5c, C16:1n-5t, C16:1n-5c, C17:1n-7, C18:1t6, C18:1t9, C18:1t10, C18:1t11, C18:1t12, C18:1c9, C18:1c11, C18:1c12, C20:1n-9, C22:1n-9, and C24:1n-9. 7 n-6 = 18:3n-6, C20:2n-6, C20:3n-6, C20:4n-6, and C22:4n-6. 8 n-3 = 18:3n-3, C20:3n-3, C20:5n-3, C22:5n-3, and C22:6n-3.
Fescue effects on fatty acids and oocytes These oocytes progressed to MII with a discernable perivitelline space.
Subsequently, we cultured abattoir oocytes in plasma harvested from the treated heifers and, converse to our previous observation, did not observe differences in progression to MII. Interestingly, the ZP width was thinner in EI-supplemented oocytes, indicating that a component in the plasma may be affecting this structure. Potentially this could influence the ability of the spermatozoa to successfully fertilize the oocyte. In this experiment, the vast majority of oogenesis of the developing oocytes occurred in vivo and was likely in an environment conducive to successful maturation as compared with the oocytes from our treated heifers. For example, if local ovarian vasculature is constricted by the action of the endophytic toxins as has been reported in the saphenous vein (Oliver et al., 1993) , this could lead to a hypoxic environment within the follicles. Human oocytes from severely hypoxic follicles were associated with increased frequency of abnormalities in the organization of the metaphase chromosome. This potentially could lead to chromosome segregation disorders and mosaicisms in the early embryo (Van Blerkom et al., 1997) .
Vasoconstriction associated with endotoxin exposure has been documented (Oliver et al., 1993) and is thought to exacerbate elevated body temperatures observed during the summer months. Elevated body temperature induced by increased ambient temperatures and humidity can diminish oocyte quality (Rocha et al., 1998) . Heat stress has long been recognized as an inhibitor of bovine early reproductive events including oocyte competence and embryonic development (Hansen et al., 2001) . The combination of EI consumption and elevated ambient temperature seems to have an additive effect by reducing the diameter of the preovulatory follicle and by reducing serum estradiol and progesterone concentrations (Burke et al., 2001) . Both stressors led to reduced serum estradiol, indicating reduced numbers or function of granulosa cells. Vanholder et al. (2005) demonstrated that short-term culture of granulosa cells in the presence of palmitic (C16:0), stearic (C18:0), and, to a moderate extent, oleic (C18:1) acids reduced cell proliferation and stimulated estradiol production. In the present study, these fatty acid concentrations were generally reduced in follicular fluid from large follicles compared with that from small follicles.
Premature oocyte maturation has been proposed as the most likely mechanism for reduction of fertility in cattle with extended periods of reduced progesterone. The EI cattle used in this study had reduced progesterone for most of the estrous cycle immediately preceding collection (Jones et al., 2003) . No EI oocytes were categorized as grade I due to expanded cumulus cells. Expanded cumulus cells are descriptive of prematurely aged oocytes (Revah and Butler, 1996) . Previous Means with different superscripts within a column are different (P < 0.05).
1 Plasma was harvested after 24 d on treatment regimens.
2 Control = laboratory control using blood serum; EF = endophyte-free; EI = endophyte-infected; EID = endophyte-infected with domperidone; MII = metaphase II; ZP = zona pellucida. Table 5 . Percentage of progression to metaphase II (MII) of in vitro-matured oocytes harvested from heifers fed an endophyte-free (EF; n = 3 heifers) diet, endophyte-infected (EI; n = 3 heifers) diet, or EI with domperidone (EID; n = 3 heifers) Fractions in parentheses represent the actual number of oocytes at MII out of the possible number for the treatment and grade indicated. Oocyte grade was determined before maturation. Grade 1 oocytes were defined as oocytes with at least 3 layers of compact cumulus cells completely surrounding a nonpycnotic oocyte. Grade 2 oocytes were defined as oocytes with nonpycnotic cytoplasm but expanded cumulus cells. ϕ denotes contamination within the culture well. γ denotes a loss of 3 oocytes during oocyte processing. λ denotes a fibrous clot in the pooled follicular fluid that may have reduced total oocytes recovered.
reports suggest prolonged reductions in progesterone decrease fertility (Mihm et al., 1994; Ahmad et al., 1995; Revah and Butler, 1996) . Elevated progesterone is thought to delay the LH surge but not necessarily LH pulse frequency. Prolonged exposure to increased LH pulse frequency stimulates oocyte maturation (Revah and Butler, 1996) , resulting in aged oocytes. Conversely, fertility was decreased in cows with decreased concentrations of P 4 during the estrous cycle before ovulation (Folman et al., 1973; Corah et al., 1974; Erb et al., 1976) .
This study adds to the limited literature that suggests fescue grass infected with wild-type endophyte can affect fatty acid composition in cattle. This study also demonstrated that fescue endotoxins can inhibit oocyte maturation when the majority duration of exposure occurs in vivo. Supplementation with domperidone to EI-fed cattle mitigates altered fatty acid concentrations of plasma and follicular fluids as well as improves oocyte maturation. In addition, this study provides important descriptive analyses of fatty acids in small and large bovine follicular fluids. This information will be useful in preparing defined culture media for in vitroproduced embryos. Further study evaluating fatty acid metabolism, especially the metabolites of arachidonic acid, in the presence of fescue endotoxins or dopamine antagonists, or both, is warranted.
